Abstract. Photoactive Yellow Protein (PYP), a phototaxis photoreceptor from Ectothiorhodospira halophila, is a small water-soluble protein that is crystallisable and excellently photo-stable. It can be activated with light (λ max = 446 nm), to enter a series of transient intermediates that jointly form the photocycle of this photosensor protein. The most stable of these transient states is the signalling state for phototaxis, pB. The spatial structure of the ground state of PYP, pG and the spectral properties of the photocycle intermediates have been very well resolved. Owing to its excellent chemical-and photochemical stability, also the spatial structure of its photocycle intermediates has been characterised with X-ray diffraction and multinuclear NMR spectroscopy. Surprisingly, the results obtained showed that their structure is dependent on the molecular context in which they are formed. Therefore, a large range of diffraction-, scattering-and spectroscopic techniques is now being employed to resolve in detail the dynamical changes of the structure of PYP while it progresses through its photocycle. This approach has led to considerable progress, although some techniques still result in mutually inconsistent conclusions regarding aspects of the structure of particular intermediates. Recently, significant progress has also been made with simulations with molecular dynamics analyses of the initial events that occur in PYP upon photo activation. The great challenge in this field is to eventually obtain agreement between predicted dynamical alterations in PYP structure, as obtained with the MD approach and the actually measured dynamical changes in its structure as evolving during photocycle progression.
Introduction
Structural biology has advanced to such an extent that several well-established methods are available for the resolution of the time-average structure of biological macromolecules [1, 2] . These different techniques in most cases provide us with mutually consistent information so that detailed and reliable information about biomolecular structure has become available. From these, one can often also extract information concerning dynamical fluctuations in these time-average structures. When it comes to function, however, not only the time average-, but also the functionally relevant dynamical alterations in bio-molecular structure and conformation are of crucial importance. Regarding the latter, several different methods have been developed during the past few years. This now allows us to compare the results of their application to accessible model systems from the realm of biology, to assess the nature and implications of protein conformational change in enzyme catalysis and biological signal transduction.
The possibility to trigger a (bio)chemical reaction with light allows one to perform studies with extremely high time-resolution and to synchronize the activity of all light-sensitive molecules in a certain reaction volume. Accordingly, the study of photoactive molecules provides some of the advantages present in the singlemolecule approach. By selecting a photoactive molecule that has a function in signal transfer, i.e. a photosensor protein, one may in addition expect to be able to trigger significant changes in protein conformation. Accordingly, photosensor proteins provide an interesting material for studies of the dynamical changes in protein structure [3] .
The extremophilic purple phototrophic bacterium Ectothiorhodospira halophila (E. halophila) produces a small yellow water-soluble protein. Because it is also photoactive, it was named Photoactive Yellow Protein (PYP) [4] . Similar proteins have also been characterized from several related phototrophic bacteria. Jointly these are referred to as the family of the xanthopsins [5] . Their yellow colour is due to a unique chromophore, an anionic cinnamin derivative, so far only detected in this family of photosensor proteins. PYP functions in bacterial behaviour [6] , as the photoreceptor of a repellent response of E. halophila towards blue light. Nevertheless, other members of the xanthopsin family have (an) other biological function(s) [7] .
PYP from E. halophila displays excellent stability, both chemically and photochemically. Furthermore, it can be heterologously expressed in Escherichia coli in large quantities in wild type-and various mutant-and hybrid forms. These opportunities have led to an avalanche of biophysical studies on the mechanism of the intramolecular signal transduction in the PYP protein, initiated by photoactivation and leading to a transient partial unfolding of the protein. These experiments have revealed great detail of the mechanism of signalling state formation in PYP and have made this protein a model system for studies in photochemistry and in protein folding [8] .
